cording units and the algorithm of analysis by the use of standard signals and digitized electrocardiogram (ECG) examples is strongly suggested to make results of these devices comparable. The impact of high-resolution electrocardiography on patient care will ultimately depend on its capabilities in identifying patients at high risk of ventricular tachyarrhythmias.
The purpose of this task force committee was to establish standards for data acquisition and analysis and to define the role of high-resolution electrocardiography in clinical decision making. In many areas, a consensus on standards was easily achieved. However, the committee recognizes that high-resolution electrocardiography is a new field that is under continuing investigation. Accordingly, the committee believes that recommendations in some areas are premature and additional studies are required before firm guidelines can be established. complete transmural necrosis.42 The amount of surviving myocardium is variable and may be located in subepicardial, subendocardial, and intramural regions. Islands of fibrosis create barriers that lengthen the excitation pathway. The increased separation of myocardial bundles and disruption of their parallel orientation by fibrosis distort ventricular activation.4041 However, the action potentials of surviving myocardial cells may appear relatively normal. 40 Extracellular electrograms recorded from the endocardial surface from such bundles usually have small amplitudes because of the intervening layers of fibrous tissue and small diameter of the muscle bundles. When individual bundles are separated by connective tissue septa, heterogeneous patterns of activation may occur and may result in fragmentation of local extracellular electrograms. 40, 42 Late potentials on the body surface appear to be a manifestation of delayed activation of myocardium. They have been recorded during experimental infarction in dogs and corresponded in time with fragmented and delayed electrograms recorded from the epicardium.1,2,20,2l In patients, late potentials recorded from the body surface have been accompanied by late, fragmented electrograms recorded directly from the heart.4244 Although fragmented electrograms can be recorded from most patients with remote infarction, including those with normal high-resolution ECGs, delayed activation is more profound and detectable at more cardiac sites from patients with sustained ventricular tachycardia, compared with those without sustained ventricular tachycardia.3144-46
The finding of fragmented local electrograms during direct catheter mapping or late potentials on the body surface may indicate that the substrate for reentry is present.44 Although late potentials seem to represent a fixed substrate for reentrant excitation, additional triggering mechanisms, such as one or more premature beats, as well as other modulating factors, such as the autonomic nervous system or ischemia, may also be required for spontaneous manifestation of reentry.
Technical Considerations Electrodes and Electrocardiographic Leads
Silver-silver chloride electrodes have the lowest half-cell potential and are the electrodes of choice. The subject's skin should be thoroughly cleansed with alcohol or another solvent and abraded to decrease impedance, which generates noise. Ideally, impedance should be measured and be less than 1,000 Q.
Most studies in the time domain have used a bipolar X, Y, and Z lead system, which the committee recognizes as a standard.6 The X lead should be positioned at the fourth intercostal space in both midaxillary lines. The Y lead should be positioned on the superior aspect of the manubrium and on either the upper left leg or left iliac crest. The Z lead should be at the fourth intercostal space (V2 position), with the second electrode directly posterior on Other criteria have been used, and their predictive value varies with the specific criterion applied and the prevalence of disease in the population studied. For example, a late potential was defined as the last 40 msec of the vector magnitude complex of less than 25 ,uV at 25 Hz and less than 16 ,uV at 40 Hz high-pass filtering. Each laboratory must define its own normal values.
Although the committee recognizes analysis of vector magnitude as having the largest volume of comparative publications, it is anticipated that further refinements and other approaches may improve the diagnostic power of the high-resolution ECG. The high-resolution electrocardiography system should be flexible enough to allow incorporation of new developments; these developments may include other types of filters, analysis of individual leads, alternate definitions of the end points of QRS, or of ECG intervals other than the terminal 40 msec of the filtered QRS complex. The differences in the algorithms for defining the end of QRS seem to be responsible for the discordance between various devices.57,58 Further refinements in the methodology may be necessary before the potential of analysis of the highresolution ECG for these purposes is fully appreciated.
Summary
Sufficient data are available to recommend the use of the high-resolution or signal-averaged electrocardiogram in patients recovering from myocardial infarction without bundle branch block to help determine their risk for developing sustained ventricular tachyarrhythmias. However, no data are available about the extent to which pharmacological or nonpharmacological interventions in patients with late potentials have an impact on the incidence of sudden cardiac death. Therefore, controlled, prospective studies are required before this issue can be resolved. As refinements in techniques evolve, it is anticipated that the clinical value of highresolution or signal-averaged electrocardiography will continue to increase. 
